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SUMMARY 
 
 
Hand grip strength (HGS) has been widely used in tests by 
investigators and therapists to be able to diagnose sarcopenia and 
detect frailty, as it is a reliable indicator of the overall muscle strength, 
which decreases the most the older the patient gets, especially on 
women. 
This research focuses on developing and following a protocol to test 
the HGS of an elderly population and analyze the force over time 
signal obtained from it. The instrument used for the tests was a 
modified Deyard dynamometer, which was then calibrated for use in 
tests. The protocol was developed using past studies and the ASHT 
as a reference, and the population taken for testing was a group of 12 
people whose age ranged from 24 to 90 years (3 elders). 
Once the tests were conducted, the resulting signals were then 
analyzed to extract different features from them, which were then 
correlated with age, gender and BMI. 
The different correlation results for age showed that for the younger 
population selected, a higher age will tend to result in higher mean 
HGS values, better ability to keep a steady grip, a noticeable facility to 
reach the peak force and a general bigger amount of energy applied 
in the test. The elderly, however, will find it much more difficult to keep 
a steady grip, and contrary to what was expected, a higher age also 
resulted in higher max HGS. 
And regarding the BMI correlations, the younger group presented a 
tendency to show higher max and mean HGS values, as well as higher 
overall energy for a higher BMI. In the elderly group though, weaker 
max HGS and mean HGS were obtained for higher BMI values, in 
addition to less overall energy applied during the tests. 
Finally, it was recommended to use a much bigger population, 
especially (if not all) elderly, to allow for more accurate and statistically 
correct results. 
Key words (max 10): 
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ABSTRACT 
 
 
La fuerza de agarre manual (HGS) se ha utilizado ampliamente en las 
pruebas realizadas por investigadores y terapeutas para poder 
diagnosticar sarcopenia y detectar fragilidad, ya que es un indicador 
confiable de la fuerza muscular general, que disminuye cuanto más 
envejece el paciente, especialmente en mujer. 
Esta investigación se centra en desarrollar y seguir un protocolo para 
probar el HGS de una población anciana y analizar la señal de fuerza 
en el tiempo que se obtiene de ella. El instrumento utilizado para las 
pruebas fue un dinamómetro Deyard modificado, que luego se calibró 
para su uso en las pruebas. El protocolo se desarrolló utilizando 
estudios anteriores y la ASHT como referencia, siendo la población 
tomada para la prueba un grupo de 12 personas cuya edad osciló 
entre 24 y 90 años (3 ancianos). 
Una vez que se realizaron las pruebas, las señales resultantes se 
analizaron para extraerles diferentes características, que luego se 
correlacionaron con la edad, el sexo y el IMC. 
Los diferentes resultados de correlación para la edad mostraron que, 
para la población joven seleccionada, una edad más alta tenderá a 
generar valores medios de HGS más altos, una mejor capacidad para 
mantener un agarre estable, una facilidad notable para alcanzar la 
fuerza máxima y una mayor cantidad general de energía aplicada en 
la prueba. Sin embargo, a los ancianos les resultará mucho más difícil 
mantener un agarre firme y tendrán un mayor HGS máximo. 
Y con respecto a las correlaciones de IMC, el grupo más joven 
presentó una tendencia a mostrar valores de HGS máximos y medios 
más altos, así como una energía general más alta para un IMC más 
alto. Sin embargo, en el grupo de ancianos, se obtuvieron valores 
máximos y medios de HGS más altos para mayores valores de IMC, 
además de una menor energía general aplicada durante las pruebas. 
Finalmente, se recomendó utilizar una población mucho mayor, 
especialmente (si no todas) las personas de edad avanzada, para 
permitir resultados más precisos y estadísticamente correctos. 
Keywords (10 maximum): 
Fuerza de agarre manual Señal Fuerza vs tiempo Anciano 
Características Dinamómetro   
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1. INTRODUCTION 
 
Hand grip strength (HGS) has been widely used in tests by investigators and 
therapists to be able to diagnose sarcopenia and frailty, as it is a reliable indicator 
of the overall muscle strength, which decreases the most the older the patient 
gets, especially on women. These tests are tied to recent protocols, such as 
Southampton protocol or the one proposed by the ASHT (American Society of 
Hand Therapists), made to try and establish a common ground for different 
studies. 
However, even after updating these protocols recently (as recent as 2015), 
there is still a lack of consistency when it comes to evaluate HGS over a period 
of time. This is due to the fact that most researches focused mainly on peak HGS, 
which will not necessarily give insight on how the patient’s strength was 
distributed or applied over the course of the procedure, hence its behavior. 
If HGS was to be measured over time, and plot a strength curve for the same 
period of the procedure, more valuable information could be obtained regarding 
how HGS really determines patients’ muscle strength, or perhaps, even go as far 
as being able to diagnose more efficiently frailty or sarcopenia by extracting 
determined features from it. 
The present research is associated with an already ongoing project: 
PROJECTE PECT 2014-2020, del C.C. del Garraf “Envelliment actiu I saludable 
I dependéncia. Its main objective is to measure the HGS over a period of time, 
plot the data obtained from tests (which will follow the protocols mentioned 
previously), analyze the resulting curve, compare the results and, finally, extract 
features than can be used to continue this research in the future. 
 
1.1 WORK FRAMEWORK 
 
This project is being developed in the CETpD (Technical Research Centre 
for Dependency Care and Autonomous Living). 
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The CETpD is an applied research and technology transfer Centre created for 
the Universitat Politècnica de Catalunya (UPC) and the Fundació Hospital 
Comarcal Sant Antoni Abat on behalf of the Consorci de Servei a les Persones 
de Vilanova i la Geltrú, with the aim of covering the demand for research and 
development in the field of Gerontechnology, Ambient Intelligence, Assistive 
Robotics and User Experience Technologies. 
 
1.2 MOTIVATION 
 
The main motivation for this project, is to be able to provide new 
methodologies for the development of more objective measurements of frailty-
related parameters in order to develop accurate monitorization systems able to 
discover tendency changes in the evolution of frailty episodes. 
It is hoped that by analyzing more in depth the way an HGS signal behaves 
with respect to the time it will be possible to improve current diagnosis for frailty 
in older people. 
 
1.3 OBJECTIVES 
 
The main objective in this project is to develop and follow a protocol and 
conduct tests on an elderly population to obtain the HGS and its force over time 
curve. For this, the following specific objectives were established: 
 Design the protocol and sensor to be used for the tests 
 Calibrate the dynamometer and establish the calibration curve 
 Start the tests on the population using the designed protocol and 
dynamometer 
 Build an HGS feature data base 
 Obtain the force over time curve for different trials 
 Analyze the resulting force over time signals and correlate the 
different features extracted 
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2. STATE OF THE ART 
 
This chapter will introduce previous works, researches and investigations that 
were conducted which have a correlation with the current project, related to HGS 
measurement. Objectives, protocols, means and results will all be assessed for 
each of the investigations consulted.  
Nowadays, testing HGS is a common assessment used by researchers and 
therapists alike for a variety of purposes. Results obtained from these tests have 
been used to verify if HGS can indeed work as a predictor of disability in older 
men (Simona Giampaoli, 1999), where their upper extremity strength was 
measured by the HGS using the Martin dynamometer and the result selected was 
the highest of two attempts using the dominant hand, however, in comparison to 
other studies, specifics with regard to other details about the tests such as elbow 
and forearm rotation or if the subject was sitting in a chair or standing up are not 
given. 
Disability was assessed using a form from the World Health Organization 
which has a 14-item scale (evaluating activities of the daily life) that uses 4 
categories to represent the level of difficulty of performing each of the 14 
activities: (1) without any difficulty, (2) with difficulty but without help, (3) some 
help needed and (4) unable to perform. 
The outcome of the study shows that after a 4-year-follow-up since the initial 
tests were made, and with the subsequent removal of all the variables that were 
not independently associated with the outcome, only HGS and serum HDL-
cholesterol concentrations remained significant protective factors of disability in 
the younger group (between 71 and 76 years of age) and in the older group 
(between 77 and 91 years of age) only HGS was associated with disability. Then, 
it can be noticed that HGS can be directly associated with disability, especially 
the older the person gets. 
There are also studies which aim to gather data from other studies that 
measured HGS to diagnose sarcopenia and frailty and identify the differences in 
the protocols used (Sousa-Santos, 2017), which is an important focus for the 
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present research, as the protocol that is to be proposed will use others as means 
for comparison and innovation. When a protocol is taken for a specific study, 
there are a few main elements that can be appreciated and need to be highlighted 
from the beginning, such as the dynamometer used to measure HGS, which hand 
was used, the subject’s posture, arm position, handle position, how long did the 
measurement take or how long were the intervals between the measurements. 
The study established some eligibility criteria to select the compared studies, 
as some common ground is essential for an appropriate starting point. Studies 
were included if participants were 65 years old or older, sarcopenia and frailty 
were considered as outcomes (in which HGS was used to identify the condition), 
a description of the protocol used to measure HGS was provided and the 
outcome measures described were: type of dynamometer for the assessment of 
HGS, individual’s position (including shoulder, elbow, arm and handle position 
and posture), hand dominance, number of repetitions, acquisition and resting 
time, encouragement and HGS values. 
Out of all the studies, most of them provided information relative to the 
protocol used for their tests, however, it is incomplete in the vast majority of them. 
The great diversity between the protocols that are used for every study greatly 
increases the difficulty for comparation purposes. Nonetheless, the 
recommended protocol to follow is the most recent ASHT protocol, as it is the 
most detailed one, and if a modification should be made, it is to be mentioned. 
Forearm position was also demonstrated to have an effect on HGS in Saudi 
Arabian men, by using a Jamar dynamometer, participants whose ages ranged 
from 18 to 84 years and following the ASHT’s recommended protocol, the 
strongest grip was measured when the forearm was supinated and the weakest 
when pronated (Lorie Gage Richards, 1996). This is a result of the changing 
mechanical relationships between the muscles involved in grip as the forearm is 
rotated. 
Another parameter which has also shown to have correlation to grip strength 
is the body mass index (BMI). Again, data was collected with a Jamar 
dynamometer and using healthy males as subjects aged 20 – 74 years (Khalid A 
Alahmari, 2017). It was found that elderly individuals with a normal BMI (18.5 -
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24.9) showed positive correlations with HGS, whereas adults aged 20 – 70 years 
who had a BMI of 25 or higher (overweight or obese), BMI was correlated with a 
weaker HGS. 
One of the purposes for testing grip strength is to determine how much effort 
a participant makes when taking the test, and identifying if max effort is indeed 
being applied, however, there is no real method to perfectly determine sincerity 
of effort. This is also used to determine if the disability reported is consistent with 
the injury and impairment that was sustained (Innes, 1999). Still, the comparison 
made between protocols shows results similar to those of (Sousa-Santos, 2017), 
but adding a few extra elements such as warm-up prior to test and 
encouragement (the first of which resulted in an overall improvement in HGS). 
Even though a wide range of instruments was used among the majority of studies 
(Smedley, Martin, Tekdyne, among others), the predominant dynamometer used 
was de Jamar dynamometer. 
This dynamometer was considered to be the most accurate instrument for 
measuring grip strength (Johanne Desrosiers, 1995). A random sample of 360 
subjects who aged 60 years or older was selected, protocol specifications 
followed the ASHT’s recommendations (excluding the retainment of the highest 
score of the tests for comparison), and the dynamometer was calibrated before 
and during the tests. This study demonstrated the importance of measuring the 
subject’s height and hand circumference, as both of these, along with age, are 
variables that can predict grip strength. 
Similarly, (Naoto Kamide, 2015) evaluated HGS in the Japanese community-
dwelling elderly (between 65 and 85 years old). Details regarding the protocol 
used, other than which hand was used and age of the participants, were not 
given, however, the most used dynamometer in the studies reviewed was the 
Smedley dynamometer, whereas the Jamar only saw one use in a single study. 
Regarding sincerity of effort, there are several studies that have examined the 
force-time curve produced by maximal and submaximal effort (Innes, 1999). The 
grip sustain time recorded is 5 seconds as well as continuous force 
measurements using a computerized Jamar. By plotting the force over time and 
examining the curve, a maximal effort was determined to have a rapid initial rise 
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that is rather sustained over the duration, and a submaximal effort also showed 
a rapid initial rise, but is followed by a steady decline. 
The force-time curve is originally an assessment to identify maximal or 
submaximal effort, seeing that it is a graphic representation of the force applied 
over a period of time during a single HGS trial. The validity of the slopes of the 
curve was examined as indicative of sincerity of effort (Orit Shechtman, 2007). 
By using a specialized dynamometer with a force transducer (Biopac 
Instruments), with a test time of 5 seconds, a 30-second rest interval between 
trials, a 10-minute break between effort levels and following (mostly) the 
recommended protocol established by the ASHT, both instances of the curve, 
maximal and submaximal effort, are represented as follows: 
 
Figure 1. Typical force-time curve of maximal effort (A) and submaximal effort (B). (Orit Shechtman, 2007) 
The force-generation phase is illustrated in the dark grey area, and the force-
decay phase is illustrated in the dotted area. Reference slopes are shown for the 
force-generation. Typically, the force-generation phase is more effective in 
detecting sincerity of effort for women, whereas the decay-phase is more effective 
for men. 
Respecting the time for test, a 6-second test was found to have a higher 
reliability despite gender or hand dominance, in contrast to a 10-second test, 
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which did not have results as reliable as the first (Kamimura Tomoko, 2001). This 
test was made using the Dexter (Cedaron Medical Inc. USA), which is a computer 
system that includes a Jamar dynamometer, a force transducer, an analog-to-
digital converter and young participants with an average age of 25 years. As for 
the protocol, the measurement standardized by the ASHT and Mathiowetz was 
selected. 
 
Figure 2. Strength-time curve for the 6 second test. (Kamimura Tomoko, 2001) 
The force-time curve is roughly the same pattern for each hand grip strength 
test, where a peak of strength can be appreciated at the beginning and then 
progressively decrease over time, regardless of whether the test length was 6 
seconds, or 10 seconds. By comparison, after the 5-second mark of the test, 
subjects were able to maintain up to 85% of the peak strength in the same trial 
(Kamimura Tomoko, 2001). 
In a similar way, (Jeremy J. Davis, 2010) also measured a force-time curve in 
a study by using a digitally modified Jamar dynamometer. This digital modification 
involved replacing the analog dial, which would provide the measurement in 
kilograms, with a pressure to voltage transducer, that was connected to a digital 
voltage meter which provided a continuous reading of voltage. To plot the force 
curves, the voltage readings were captured at intervals of 0.1 seconds and 
transmitted to a computer for storage and analysis. 
Together with the previously mentioned author, Shechtman, (Bhagwant Singh 
Sindhu, 2011), conducted a study associated with the slope of the force-time 
curve related to sincerity of effort, but this time, directed at participants with upper 
extremity injuries. Measures were taken by utilizing a Jamar dynamometer and 
following the protocol recommended by the ASHT. Participants were tested in 
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two sessions consisting of 12 grip trials each, trials lasted for 6 seconds, with a 
rest interval of 1 minute and a 10-minute rest period between sessions. 
The slope for the curves that show a maximal effort are considerably steeper 
than those which reflect a submaximal effort, thus making it possible to identify 
them, however, it was concluded that since sensitivity and specificity values 
(exerting true submaximal effort and true maximal effort, respectively) were 
insufficient, they were not enough to accurately discern maximal from 
submaximal effort, meaning the slopes are not valid enough to measure the 
sincerity of effort in participants who present upper extremity injury, most likely 
due to them being protective of their injured hand and, therefore, exerted only a 
submaximal effort. 
Following the sincerity of effort idea, (Petcharatana Bhuanantanondh, 2018) 
conducted a study in which the aim was to examine whether or not grip strength 
measured in three different wrist positions could successfully discern between 
maximal and submaximal effort. The population tested had an average age of 26 
years, wrist positions were: neutral, full flexion and full extension, also both hands 
were used. The dynamometer used was of the Evaltech which was calibrated 
daily before testing, and the protocol used was standing with feet on the floor, 
shoulder-width apart with the rest following the ASHT’s recommendation. 
Results show that the grip strength values for the three wrist positions in the 
maximal effort condition were significantly greater than those in the submaximal 
effort condition. Such results suggest that grip strength test in three wrist positions 
can differentiate a maximal effort from a submaximal effort, hence making this 
test a possible sincerity of effort detector for clinical settings. 
Another study that aimed to investigate the force-time characteristics during 
a sustained maximal grip effort, according to age and clinical condition (L. De 
Dobbeleer, 2017) was consulted, in which a sustained maximal grip was 
continuously recorded by using a modified Martin vigorimeter, in three groups of 
subjects (elderly patients, elderly control and young control). The protocol 
followed was approved by the local ethics committee in accordance with the 
Declaration of Helsinki, and consisted in the following position: shoulder abducted 
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and neutrally rotated, elbow flexed at 90º, forearm in neutral position, and wrist 
in slight extension (0 – 30º), and the highest of 3 attempts was noted. 
 
 
Figure 3. Representation of grip strength drop pattern during 20s and 30s. The gray area corresponds to grip work, 
which is GW = 0.75*Max Grip Strength*Fatigue Resistance. (L. De Dobbeleer, 2017) 
The previous figure shows the graphic representation of the grip strength drop 
for the 3 groups of participants, where A represents the elderly patients (aged 83 
± 5 years), B represents the elderly control (aged 74 ± 5 years), and C represents 
the young control (aged 23 ± 3 years). 
The investigators concluded that the force-time characteristics during a 
sustained maximal handgrip effort are significantly different according to age and 
clinical condition. Group A showed a considerably lower grip work than that of 
group B, which in turn, also shows a significantly lower GW than group C’s. Old 
patients were characterized by a rather fast decline in muscle work during the 
first part of sustained grip. 
Regarding the resting time and its effects on the tests (Cheol-Min Lim, 2013) 
conducted a study in which these effects were analyzed in association with the 
number of trials on the total and individual finger forces in a maximum grasping 
task. Participants consisted in 24 healthy males (aged 24.7 ± 1.3 years), and the 
assessment was made using the multi-finger force measurement (MFFM) system 
which can measure individual finger forces and total grip strength. Output signals 
were collected by a NI DAQmx-6259 and presented on the screen by a custom-
made LabVIEW program. The protocol used was the one proposed by the ASHT. 
 
 10 
 
 
Figure 4. Components of the MFFM system. Grip to the left, LabVIEW to the right. (Cheol-Min Lim, 2013) 
The figure shows the instrument used for the individual finger force and total 
grip strength measurement as well as the graphical representation, which is a 
similar result to that of (Orit Shechtman, 2007). 
To effectively observe the effects of different resting periods, 20 trials were 
made in 4 groups with different resting times (30s, 1-3 min) and grip force was 
measured using the dominant hand.  
Results for this investigation show that when resting time was decreased, 
reductions of the total grip strength and individual finger force tended to increase. 
The average reduction was the smallest at 3 min resting time, followed by 2min, 
1min and 30 sec respectively.  
The reduction according to the number of trials showed that the higher the 
number of trials made, reductions in both, individual finger force and total grip 
strength increased, thus demonstrating that a higher resting time will show a 
higher HGS value. 
Having completed the observations in regard to max HGS values and 
variations in protocols, it is also worth addressing the average values of HGS. 
Depending on what is to be done and the objectives of any given research, these 
values may be necessary to establish common ground valid for comparison, or if 
informed decisions are to be made about the normality of an individual’s status 
relative to the population. The averages, according to an analysis conducted by 
(Richard W. Bohannon, 2006), are: 
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Table 1. Average male HGS values 
 
Table 2. Average female HGS values 
 
The previous tables show the tables resulting from the analysis, in which both 
groups are divided by age, and left and right-hand mean strength values (lb as 
well as kg), also showing the min and max obtained from each. 
In reference to the previous idea, (Haidar S. G., 2004) conducted a study in 
which a comparison was made between the maximum HGS value with that of the 
average of three consecutive measurements of grip strength. The population 
consisted in one hundred healthy volunteers. For each hand, two average and 
maximum values were obtained. The results showed that both methods of grip 
assessment are highly consistent, with no statistically significant difference. 
A valuable asset that could provide a remarkable assistance when attempting 
to evaluate HGS signals on the elderly, is a scale which determines at which 
frailty point the person is currently at (Kenneth Rockwood, 2005). This could 
prove to be especially useful when testing a bigger amount of subjects for a 
comparative study, more so if features are to be extracted and correlated.  
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Figure 5. Clinical Frailty Scale (Kenneth Rockwood, 2005) 
 
3. THEORETICAL CONCEPTS 
 
Some of the concepts associated with the current project will be explained in 
this section. A definition for each one will be taken from diverse authors to help 
provide a suitable theoretical frame for this project. 
 
3.1 DYNAMOMETER 
 
A dynamometer is an instrument for measuring force exerted by men, animals 
and machines (Killedar, 2012). Its name has been usually used to refer to all 
instruments which are used to measure a force, such as hand grip strength (as it 
is in the case of this project), however, they are more usually used for tasks such 
as determining the power of an electric motor or engine of a car, truck or other 
vehicle, meaning that it is mainly used to measure mechanical power. 
Different instruments can be used to measure HGS, as past studies may 
show. Nonetheless, the dynamometer is the chosen instrument to conduct the 
tests in this research, more concretely, a modified Deyard dynamometer. 
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3.2 STRAIN GAUGES 
 
The strain gauges are passive, resistive transducers and are the most 
common used ones to measure deformations. They are based on the variation of 
resistance, produced by a metal or semiconductor when it suffers a deformation, 
therefore, once an external force acts on it, they change their resistance due to 
the variation in length and cross-sectional area of the gauge wire. 
The dynamometer to be used in this project’s tests works with a Wheatstone 
bridge circuit which consists in 4 strain gauges. 
 
Figure 6. Strain gauge and how it is usually implemented 
 
 
3.3 WHEATSTONE BRIDGE 
 
The Wheatstone Bridge is a circuit in which unknown resistances are 
compared with well-defined resistances. This circuit is well suited for the 
measurement of small changes in a resistance, making it a suitable resistance 
measurement for a strain gauge. Because of this, several investigations have 
used Wheatstone based dynamometers, as it provides a reliable measurement 
for their tests. 
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Figure 7. Wheatstone bridge circuit 
 
3.4 FRAILTY 
 
Frailty is a clinically recognizable state of increased vulnerability from age-
associated decline in reserve and function across multiple physiologic systems, 
which is associated with adverse outcomes, such as falls, functional decline, 
hospitalizations and mortality (Sousa-Santos, 2017). 
In the Cardiovascular Health Study (CHS) it was defined as a clinical 
syndrome in which three or more of the following characteristics were present: 
unintended weight loss, exhaustion, weakness, slow gait speed and low physical 
activity (Fried L, 2001). 
Detection and diagnosis of frailty, generally, can depend on certain domains 
(Jesús Fontecha, 2012), such as: 
 Medical: by presenting chronic diseases, gait disturbance, low HGS, 
recurrent falls and/or hospitalization, among others. 
 Functional: dependency in basic and instrumental activities of daily 
living (BADL, IADL). 
 Socio-economic: Living alone, recent widowhood, 80 years of age or 
older, low income. 
 Cognitive and affective criteria: depression, cognitive impairment. 
 Need for institutionalization: living in retirement and nursing homes. 
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The aging of a person brings a slow but steady decline in physical resistance, 
possibly affecting the quality of life of people, especially the older the person ages 
and if any disability is present. This can lead to the developing of different 
diseases such a sarcopenia, or becoming dependent on other people, which 
could potentially add some psychological issues as well. 
 
4. INSTRUMENT 
 
The instrument used for the present study was a modified Deyard 
dynamometer, being the modified part the whole electronic circuit, which was 
replaced by one designed and made by the CETpD, the rest of the model, 
meaning the mechanical design, remained the same as the original. 
 
Figure 8. Deyard dynamometer and the modification made (better appreciated in right picture) 
 
The circuit implemented into the model was the IMU (Inertial Measurement 
Unit) developed by the CETpD (Rodríguez-Martín, et al., 2017) for their long-term 
monitoring of Parkinson’s disease patients project. It was adapted to this project’s 
purpose, and its general structure is as follows: 
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Figure 9. IMU General structure with connections. (Rodríguez-Martín, et al., 2017) 
The microcontroller has up to three I2C buses, two of which are used to lessen 
the data transfer burden in the I2C bus in case different accelerometers and 
barometers send raw data at maximum speed. The UART (Universal 
Asynchronous Receiver Transmitter) is tasked with the controlling of the 
Bluetooth module to send and receive messages from a smartphone device. 
Communication with the SD card is made through the SDIO peripheral. The USB 
peripheral is used to charge the battery, as well as to read the content of the 
microSD card through the USB On-The-Go Full Speed bus. 
 
5. CALIBRATION 
 
Calibration was necessary to set the accuracy of the modified version to an 
acceptable level. For this, weights that ranged from 5 to 40 Kg were used (which 
is an acceptable range, judging the tested population’s average HGS values), 
with an increasing rate of 5 Kg per trial. The dynamometer was held by two 
metallic bars, which were placed in the space between the handle and the screen, 
where no disruption should be presented for the test. A belt was tied to the base 
for the weights (extra 731.8 grams) and to the handle, as centered as possible, 
note that the belt is made of a non-stretchable material, as to not influence the 
result of the calibration tests. 
 It is important to address the fact that the weights used for these tests 
measure the weight they represent very accurately, as they are verified by their 
providers. 
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Figure 10. Calibration process 
 
The results are as shown: 
 
Figure 11. 5Kg trial. Left: Voltage (V) Vs Time (s). Right: Force (Kg) Vs Time (s) 
 
Figure 12. 10Kg trial. Left: Voltage (V) Vs Time (s). Right: Force (Kg) Vs Time (s) 
 
The previous figures show the first two calibration tests, for 5 and 10Kg. As it 
can be noted, the 10Kg varies slightly in shape with respect to the 5Kg one, this 
is due to each test using individual 5Kg weights, which were piled up one at a 
time, until the desired weight was achieved, therefore showing a new step for 
each test. 
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Figure 13. All weights trial. Left: Voltage (V) Vs Time (s). Right: Force (Kg) Vs Time (s) 
 
 This time the measurement took place until the last weight was piled up, no 
time was spent to take all the weights off after the final one was placed as in the 
previous ones. Each step represents a 5 Kg increase in weight, which was 
accurately differentiated for each trial. Voltage varies approximately 0.033 V per 
kilogram of force measured, which was calculated using the average values of 
voltage for each trial of 5 Kg. The calibration curve obtained is the following: 
 
Figure 14. Calibration curve Force (Kg) Vs Voltage (V) 
 
For which the slope equation for the curve is as shown: 
𝑦 = 28.426 ∗ 𝑥 − 34.07 
Considering the weight of the balance used for the calibration trials (731.8 g) 
it is then: 
𝑦 = 28.426 ∗ 𝑥 − (34.07 −  0.7318) 
Where y is the force total (Kg), and x represents the voltage (V) measured.  
The sensor is capable of detecting a force variation of at least 1 Kg, as the 
next figure will show: 
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Figure 15. 5Kg test 1 by 1. Force (Kg) Vs Time (s) 
 
For this particular test, the method used was the same as in the calibration 
process, except for the weights used, where each one measured 1Kg instead of 
the 5Kg used for the calibration. This can demonstrate the accuracy that the 
dynamometer is able to provide for the real testing with the proposed population. 
 
6. PROTOCOL 
 
Regarding the protocol and subject population to be used for the tests, a 
sitting stance will be taken on a chair, forearm placed on top of the leg in neutral 
position (as when doing a handshake, holding the dynamometer perpendicular to 
the leg), feet firm on the floor at shoulder-width distance, shoulder adducted, 
neutrally rotated and using the dominant hand. Encouragement is also one 
aspect to keep into consideration, as it will be used as well on the elder subjects 
of the population. Tests will have a duration of 6 seconds each, and a rest interval 
of 1 minute between tests, where max HGS will be taken for reference, and the 
Force-Time curve will be then analyzed. 
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Figure 16. Protocol position example 
The test consists of 3 trials, which will follow the established protocol, and its 
ultimate goal is to analyze how the force over time curve behaves on frail elderly 
people, and if a specific set of features can be identified to truly be able to detect 
whether a younger, healthier patient is prone to developing frailty in the near 
future or not. This will also include healthy subjects with a lower age range. 
The complete procedure would be to get the subject’s info (age, gender, 
height, weight, dominant hand), let the subject get in position, verify that 
everything is as it should be, provide the dynamometer while the subject holds 
position, and then execute the test. Regarding the with the help of an auxiliary 
helper, provide a supplementary surface (using a hand) to lay the dynamometer 
on to make sure that the tip weight of the dynamometer would not affect the tests. 
As for the main population of subjects that was expected, geriatric patients 
with an average age of 80 years were selected in collaboration with geriatricians, 
to be the adequate candidates for the tests. However, at the time of conducting 
this research, this specific population was not able to be tested, since by the time 
it reached its end, the researchers had not received a response from the 
committee of ethics from the geriatric facility. Nonetheless, with regards to the 
PECT project, this test is proposed as future work for research. 
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7. DATA ACQUISITION AND PROCESSING 
 
To be able to acquire a proper signal, it is necessary to make sure that the 
protocol is being followed thoroughly, by carefully explaining to the patients and 
observing that everything is as it should be. The time for the tests will be 
measured using a chronometer, as well as the resting time between tests. Once 
the tests are done, the data stored in the memory card inside the IMU will be 
inserted in the PC to run the MATLAB script, which will acquire the signal, filter it, 
establish the desired range for treatment, and then segment the resulting signal 
in two: The Force-generation phase (FGP) and the Force-decay phase (FDP). 
These phases will be used to extract the different proposed features. 
 
Figure 17. Data analysis diagram 
 
It was decided to divide the signal in these two segments to observe how 
these two different phases behave individually, which should be able to provide 
a higher overall knowledge of the HGS signal’s behavior in the tested population. 
 
8. FEATURES 
 
Each taken signal’s behavior could be used to determine and extract a variety 
of features that could be used in future investigations with the purpose of 
identifying more concretely which of them can actually represent or predict frailty 
reliably. Given the way the HGS signals typically behave, features such as 
frequency, slope, or max values can be used in different ways. 
The feature extraction makes use of a filtered signal (Butterscotch filter), and 
then, using a MATLAB script, takes all the desired features. 
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Figure 18. Signal before and after filter 
 
The following table will show the features extracted for this research: 
Table 3. Features 
Features 
1 Age 6 FG Slope 11 Area 
2 BMI 7 FD Slope 
  
3 Max 8 Range FD 
  
4 Mean FG 9 Signal Kurtosis 
  
5 Mean FD 10 Signal Skewness 
  
 
8.1 AGE, BMI AND GENDER 
 
The age of the subject has always been an important factor to keep into 
consideration when conducting tests related to HGS. In this case, age will be 
used to perform a correlation between itself and the rest of the extracted features 
from the signals.  
BMI is a parameter which has also shown a level of correlation to HGS (Khalid 
A Alahmari, 2017), where a higher BMI will develop into a lower HGS value. 
Therefore, it is also essential to add this as a feature to consider. Gender, on the 
other hand, has shown higher HGS values for men in every study that was 
consulted and had a comparison for them.  Consequently, it will be correlated 
separately between the tests to allow for a clearer comparison between men and 
women. 
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8.2 SLOPE 
 
The slope of the signal could be able to tell how well a subject can exert a 
great force in a short amount of time, as can be observed in tests such as the 
“explosive force test”, which consists, as its name implies, in an explosive hand 
grip right at the beginning. The steeper the slope, the more or the less the subject 
can be considered to exert force, depending on the phase of the signal. In the 
Force-generation phase, a steeper slope could indicate a greater ability to exert 
a high force in a shorter amount of time, whereas in the Force-decay phase, this 
could indicate a difficulty in maintaining the force within the time frame of the test, 
thus possibly indicating a possible injury or handicap. 
 
Figure 19. Slope for both phases of a signal 
 
The slopes shown in the previous figure were obtained from one of the trial 
tests, and they indicate a favorable result, showing a steepness which matches 
well with the behavior of each of the phases. 
 
8.3 MAX VALUE 
 
The max value of the HGS is probably the most used parameter in every 
related study, as it can provide an idea of how much force a person is able to 
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apply depending on the protocol followed. It has been widely used in different 
researches with many variations to protocols, instruments and population used 
for the tests with a diversity of aims, commonly being to identify frailty, 
sarcopenia, whether it can be used as a predictor for disability (Simona 
Giampaoli, 1999), or how these variations affect the results in comparison to 
others. 
 
 8.4 FORCE RANGE AND STANDARD VARIATION 
 
The range in which the force varies is another parameter that could indicate 
how well a subject is able to maintain the force at higher values, after the peak 
has been reached. Standard deviation may represent this as well, though more 
accurately, given that a lower value means a tendency for the data to be closer 
to its mean value (which is also an extracted feature). 
 
8.5 MEAN VALUE 
 
An HGS mean value, just as a maximum one, could be used for reference for 
different purposes, given the fact that both are equally consistent (Haidar S. G., 
2004). Knowing this, mean value can be a valuable feature to have when 
conducting a study in which HGS signal behavior is being analyzed. In the tests 
conducted, mean value is obtained for each of the force phases. 
 
8.6 KURTOSIS AND SKEWNESS 
 
Kurtosis is a value which indicates a bigger concentration of data samples 
very close as well as very far away from the mean value of the distribution (peaks 
and tails), essentially, kurtosis specifies how high the peak value is in contrast to 
the lower values. When applying it to an HGS signal, a higher kurtosis value, may 
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imply a higher explosive force in the test (higher, pointier peak), or higher 
capability to maintain the grip (more stable, flatter signal). 
 
Figure 20. Signal with high kurtosis value (3.76) vs low kurtosis value (1.11) 
 
Skewness is somewhat similar to kurtosis, it is also a measure of the 
probability distribution, however, in this case, it focuses on the asymmetry of the 
variable. Essentially, skewness specifies how symmetric a signal is. When 
applying it to an HGS signal, a higher skewness value (positive) could implicate 
a higher overall amount of sample concentration on the right side of the signal, 
possibly indicating a difficulty when attempting to reach max HGS values, making 
it possible that skewness is correlated to the force-generation slope. 
 
Figure 21. Signal with high skewness value (1.66) vs low skewness value (0.14) 
 
8.7 PEARSON CORRELATION COEFFICIENT AND 
SIGNAL AREA 
 
The Pearson correlation coefficient is a measure of the linear correlation 
between two variables. In the case of the HGS signal, the variables will be age 
and BMI, and they will be correlated with the different features extracted 
previously from the signals. The results should provide useful data to help identify 
if age and BMI are directly correlated to the other features. The area of the signal 
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can simply be used to determine how much energy was spent by the subject 
when taking the test. 
 
8.8 FAST FOURIER TRANSFORM 
 
The fast Fourier transform was applied to each phase of the signal to get the 
frequency value for the second harmonic (excluding the first element). Once an 
HGS signal is analyzed, it can be noticed the frequency value is, usually, 
considerably higher in the Force-generation phase in contrast with the Force-
decay phase: 
 
Figure 22. FFT for each phase in an HGS signal. 1.04Hz (left) and 0.08Hz (right) 
However, this applies only when the maximum HGS is reached early within 
the test. When this peak is reached at a later time in the test, it behaves as 
follows: 
 
Figure 23. FFT for each phase in HGS signal. 0.16Hz (left) and 0.89Hz (right) 
This implies that a higher frequency value might be correlated to skewness, 
given that a high skewness value is what identifies this previous mentioned case. 
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Also, the amplitude for the FDP is much higher than the amplitude for the 
FGP: 
Table 4. FFT second harmonic amplitude younger group (left) and elderly (right) 
  
It is also worth noting, that average amplitude values for the elderly group are 
considerably lower than those of the younger group, perhaps indicating that age 
is negatively correlated to the amplitude of the second harmonic of the signal in 
the elderly. 
 
9. TESTS 
 
In order properly test the dynamometer on the specified patients and have a 
better understanding of the signals that would be obtained from the dynamometer 
used, as well as to compare how a different protocol would affect the results, a 
few trial tests were made to obtain sample signals on a population whose ages 
ranged from 16 to 65 years (2 men and 2 women). These signals were obtained 
using the following protocol: sitting stance on a chair without armrest, forearm in 
supination, feet firm on the floor at shoulder-width distance, shoulder adducted, 
neutrally rotated and using the dominant hand. Tests had a duration of 6 seconds 
each, and a rest interval of 15 seconds between tests. This protocol was used as 
Gender Age FGfftAmp FDfftAmp
1 2 12 14
5 M 24 51.7181 287.06
6 M 28 104.549 12.6191
7 M 30 32.9141 73.1773
8 M 55 90.4765 141.832
9 M 63 50.0823 84.3319
10 F 27 49.1931 31.9089
11 F 39 34.3452 243.292
12 F 49 25.2279 182.508
13 F 58 131.817 11.0504
5 M 24 234.305 30.3078
6 M 28 21.9722 247.072
7 M 30 27.5124 73.9622
8 M 55 115.676 128.202
9 M 63 40.0268 104.102
10 F 27 6.44194 51.2826
11 F 39 16.1858 258.997
12 F 49 20.9411 326.127
13 F 58 12.4161 63.6337
5 M 24 132.481 64.4982
6 M 28 195.714 52.89
7 M 30 19.325 171.067
8 M 55 57.0229 178.73
9 M 63 47.7101 168.339
10 F 27 11.2439 50.588
11 F 39 18.1436 137.547
12 F 49 35.419 220.992
13 F 58 170.866 114.016
AVG 64.9528 130.005
Subject
Gender Age FGfftAmp FDfftAmp
1 2 12 14
14 M 86 1.80312 1.82E+02
15 F 85 7.57428 27.26783
16 F 90 15.8036 21.04667
14 M 86 109.38 6.567809
15 F 85 4.62041 13.84417
16 F 90 20.4718 17.93088
14 M 86 2.13832 4.469109
15 F 85 1.26649 13.44149
16 F 90 48.2059 5.328184
AVG 23.4737 3.24E+01
Subject
 28 
 
a means of testing, as well as serving as possible comparison for the results 
obtained from using the main protocol proposed previously. 
The results obtained show the following signals: 
 
Figure 24. First trial tests for subjects 1 and 2 
 
Figure 25. First trial tests for subjects 3 and 4 
 
The signals obtained from these tests show a common pattern regardless of 
the age, gender or dominant hand, in which the max peak is reached at the first 
seconds (Force-generation phase) followed by a steady decline (Force-decay 
phase). This result matches the results obtained by (Innes, 1999), as well as (Orit 
Shechtman, 2007) who pointed the different force phases through which the 
signal goes in an HGS test. Once the signal is acquired, it is then filtered to 
improve the noise-data ratio: 
 
Figure 26. Signal and filtered signal 
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Then, given the fact that features such as slope can get affected by the initial 
and final “0” values of the whole signal, it was decided to limit it within a specific 
range, which was determined through trial and error. The range consists of every 
sample above a particular force value (to avoid errors), that is the value at which 
the force is beginning to be applied. This assures that the selected signal range 
not only leaves out most of the “resting” values of 0, but include only the data 
when the force is being exerted. Also, the area where the force has stopped being 
applied, at the end of the test, will not be included, given that it is mostly the effect 
of the spring once the subjects releases the handle of the dynamometer: 
 
Figure 27. Filtered signal in desired range 
Once the range has been specified and divided, it is then segmented again, 
to show both, the Force-generation and Force-decay phases of the signal: 
 
Figure 28. Force-generation (up) and Force-decay (down) phases of the signal 
When the signal processing is done, the feature extraction is then the next 
step. The slopes for each phase are extracted and plotted: 
 30 
 
 
Figure 29. Force-generation (left) and Force-decay (right) phases slopes 
In this case both slopes are consistent with their respective phases, meaning 
that the signal segmentation and division has been successful and yielded 
acceptable results. 
All features are stored in a table together with the features of the rest of the 
tests to allow for a better comparison and analysis: 
Table 5. Features extracted from all 3 tests of trial subjects 
 
Having completed the trials, the main tests were then conducted, following the 
protocol established originally, which can help show the differences that a 
protocol variation can cause, as well as provide the main data for correlation. 
The population for this second set of tests was within an age ranging from 24 
to 63 years, using both men and women. The table obtained from these tests 
shows the following: 
Gender Age BMI Max MeanFG MeanFD FGSlope FDSlope RangeFD FGfftAmp FGHz FDfftAmp FDHz SigKurtosis SigSkewness Area
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Test 1 1 M 16 19.87 51.7 40.619 48.179 0.8408 -1.06 10.888 92.3403 0.71 216.511 0.34 2.019763 0.9687263 12071
2 M 65 27.1 49.9 32.464 42.224 0.8196 -0.825 13.442 52.519 2.27 311.7605 0.39 1.254493 0.4304448 13930
3 F 22 18.37 19.3 14.437 17.125 0.6723 -1.133 4.5769 18.3537 1.47 100.2099 0.27 1.916007 0.9274728 4924
4 F 60 26.35 23.4 15.956 19.265 0.8038 -0.952 7.2307 10.9969 3.57 117.3088 0.39 1.478646 0.6084234 5297
Test 2 1 M 16 19.87 45 35.466 38.253 0.7881 -1.235 14.344 90.0808 1.11 98.17328 0.64 3.618853 1.5747585 8267
2 M 65 27.1 50.1 36.408 43.317 0.8398 -0.846 12.198 30.3766 2.5 417.5084 0.24 1.867085 0.8945321 10995
3 F 22 18.37 19 13.447 13.455 0.7422 -0.769 8.2819 10.6079 3.57 32.62925 0.89 1.632309 0.5976054 3936
4 F 60 26.35 19.3 12.137 16.012 0.8065 -0.801 5.3756 14.2076 2.08 149.4057 0.21 1.109762 0.1419647 5328
Test 3 1 M 16 19.87 46.3 35.869 40.297 0.8585 -0.126 11.391 37.7559 1.39 297.4833 0.53 1.716743 0.7904161 10218
2 M 65 27.1 48.2 33.92 40.792 0.8241 -0.812 15.385 20.896 3.57 454.2604 0.5 2.268859 1.0798554 10527
3 F 22 18.37 16.4 7.9171 10.773 0.7831 -0.707 8.4552 5.14386 8.33 22.37309 1.04 2.317234 1.0050374 3647
4 F 60 26.35 17.9 9.5871 12.973 0.7713 -0.956 6.4054 2.99377 12.5 29.20233 1.09 1.522863 0.6110977 4134
Subject
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Table 6. Features extracted from all 3 tests of main protocol subjects 
 
After observing both tables, the feature that is most certain to show a 
difference based mainly on protocol variation is the max force exerted during the 
test. In the main test, the value is lower than the average for the specific age and 
gender (Richard W. Bohannon, 2006). This is caused due to the forearm position 
in both protocols. In the first one, a forearm in supination allows for a much greater 
force application (Lorie Gage Richards, 1996) than the perpendicular position 
used in the second one. Still, the second position was selected to allow for a more 
comfortable test directed at the elderly population. The same applies to the mean 
values. 
Table 7. Features extracted from all 3 tests of elderly subjects 
 
For the elderly subjects, the same protocol as before was followed, and the 
results, as shown in table 6, indicate a considerably lower max and mean HGS 
values when compared to the previous tests. It is also important to indicate that 
Gender Age BMI Max MeanFG MeanFD FGSlope FDSlope RangeFD FGfftAmp FGHz FDfftAmp FDHz SigKurtosis SigSkewness Area
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
5 M 24 23.72 37.2 28.267 34.509 0.7994 -0.667 6.6838 51.7181 0.93 287.0599 0.21 1.772778 0.8467905 10800
6 M 28 21.01 31.9 26.465 31.765 0.7006 -0.904 0.2509 104.549 0.19 12.61906 5 2.074053 0.9955757 9547
7 M 30 28.41 35.2 23.779 26.174 0.7016 -0.984 14.966 32.9141 1.19 73.17728 0.61 1.706479 0.7060304 8352
8 M 55 34.06 40.6 34.408 38.861 1.1479 -0.683 4.2477 90.4765 0.63 141.8325 0.22 1.376135 0.5826319 12911
9 M 63 24.68 31.6 22.236 29.128 0.8105 -1.041 3.6297 50.0823 1 84.33192 0.22 1.285177 0.4867984 8870
10 F 27 19.03 13.3 11.19 11.999 0.9535 -1.067 2.2385 49.1931 0.31 31.9089 0.54 1.949375 0.9443312 3532
11 F 39 19.96 31.7 21.626 28.491 0.7999 -0.624 6.0711 34.3452 1.47 243.2923 0.22 1.633137 0.7537989 8132
12 F 49 21.26 32.3 24.702 29.055 0.783 -1.022 10.617 25.2279 1.67 182.5084 0.22 1.449718 0.6191224 9055
13 F 58 22.72 20.4 17.348 19.986 1.2637 -0.559 0.6719 131.817 0.24 11.05041 3.29 3.850299 1.663372 5868
5 M 24 23.72 38.3 30.623 37.381 0.7174 -0.854 2.3196 234.305 0.21 30.30776 1.79 2.474516 1.1695024 10759
6 M 28 21.01 26.6 19.15 22.675 0.9075 -0.577 6.8964 21.9722 2.08 247.0721 0.2 2.01327 0.9580752 7068
7 M 30 28.41 42.2 25.624 30.44 0.7509 -0.945 18.441 27.5124 2.27 73.96224 1.09 2.221075 0.994289 9574
8 M 55 34.06 44.4 38.219 42.133 0.9323 -1.186 5.0902 115.676 0.5 128.2017 0.25 1.202255 0.4016534 13562
9 M 63 24.68 30.1 23.325 28.409 0.8149 -1.131 3.4838 40.0268 0.86 104.1021 0.21 1.419801 0.607441 9086
10 F 27 19.03 16.7 9.5199 13.745 0.8299 -1.105 5.4599 6.44194 5 51.28259 1.14 2.16298 1.0358537 4205
11 F 39 19.96 29.1 19.547 24.721 0.8362 -0.657 7.2367 16.1858 2.08 258.997 0.21 1.637403 0.7376989 7343
12 F 49 21.26 30.5 19.871 26.11 0.7961 -0.476 7.4734 20.9411 2.27 326.1272 0.2 1.65098 0.7604835 7513
13 F 58 22.72 21.8 14.249 20.208 0.7556 -1.208 2.9811 12.4161 2.27 63.63372 0.19 1.580687 0.73317 6071
5 M 24 23.72 38 30.275 33.691 0.7445 -1.044 10.92 132.481 0.73 64.49824 0.78 2.844146 1.3193478 11257
6 M 28 21.01 32.6 26.07 31.453 1.061 -0.783 2.7207 195.714 0.31 52.89 0.43 1.732707 0.8077013 9310
7 M 30 28.41 35.4 25.402 25.493 0.7957 -1.048 16.055 19.325 2.27 171.0668 0.48 2.772288 1.2386483 8440
8 M 55 34.06 41.6 35.643 39.698 1.0392 -0.945 4.0875 57.0229 0.89 178.7304 0.2 1.596829 0.7531204 13109
9 M 63 24.68 31.8 26.61 28.469 0.7738 -1.124 6.1039 47.7101 0.57 168.3393 0.25 1.396468 0.5750028 9420
10 F 27 19.03 17.8 12.825 13.584 0.7343 -0.984 6.6709 11.2439 2.78 50.58796 0.57 3.759699 1.593446 4319
11 F 39 19.96 28.4 18.887 24.238 0.865 -0.853 6.9549 18.1436 2.08 137.5466 0.37 1.766828 0.8198523 7069
12 F 49 21.26 32.5 27.242 29.242 0.7992 -0.925 8.7296 35.419 1.43 220.992 0.27 1.475636 0.63551 9091
13 F 58 22.72 23.4 19.341 22.065 0.9489 -0.832 3.3849 170.866 0.3 114.0159 0.33 1.652832 0.7560547 7275
Subject
Gender Age BMI Max MeanFG MeanFD FGSlope FDSlope RangeFD FGfftAmp FGHz FDfftAmp FDHz SigKurtosis SigSkewness Area
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
14 M 86 27.48 8.9 6.3022 7.1096 0.8214 -0.983 4.491 1.80312 16.7 1.82E+02 0.09 1.161935 0.1572585 2464
15 F 85 31.96 9.98 5.518 6.9253 0.7778 -0.941 4.6704 7.57428 2.5 27.26783 0.86 1.72479 0.62589 2367
16 F 90 27.06 9.27 4.5235 7.2342 0.8926 -0.795 3.4541 15.8036 1.04 21.04667 1 2.837761 1.2227019 1819
14 M 86 27.48 10.5 8.8204 10.136 1.7079 -0.949 0.6451 109.38 0.25 6.567809 1.14 1.183247 0.3217845 3032
15 F 85 31.96 5.74 4.763 4.0945 0.9177 -0.749 2.4563 4.62041 1.79 13.84417 0.69 1.953417 0.7871985 1518
16 F 90 27.06 10.6 7.3496 10.118 0.9302 -0.31 0.9782 20.4718 0.6 17.93088 0.85 2.142665 0.9940404 2524
14 M 86 27.48 9.69 6.6662 3.8757 0.8335 -0.597 7.1364 2.13832 8.33 4.469109 5 4.421077 1.3753705 1419
15 F 85 31.96 4.58 3.3265 3.3172 0.802 -1.043 2.357 1.26649 7.14 13.44149 1.12 1.516726 0.5359645 1135
16 F 90 27.06 11.2 7.7627 10.971 0.8845 -1.229 0.5944 48.2059 0.66 5.328184 2.5 2.533987 1.1639313 2584
Subject
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the elderly tested belonged to a frailty level of 5 in the Clinical Frailty Scale 
(Kenneth Rockwood, 2005). 
In all tests the slope for the Force-generation phase is positive and for the 
Force-decay phase is negative, which coincides with how both phases commonly 
behave. 
 
10. DATA CORRELATION AND RESULTS 
 
For the remaining features that appear in the tables, a Pearson linear 
correlation was made, using age, BMI, maximum HGS value, kurtosis, skewness 
and area as main variables in relation to the rest. 
It is important to address that for the correlation 3 different groups were 
differentiated. The first 2 are younger groups which consisted of male and female 
subjects whose ages ranged from 24 to 64 years, and the third one consisted 
strictly of the elderly subjects (75+ years of age). Also, a disadvantage that could 
have an impact on the results is the low amount of subject population used to 
conduct the tests, especially the elderly group, as well as not having into 
consideration whether the subjects lived a sedentary life or not. 
Correlation was calculated using a MATLAB script where all feature data was 
used. The following table shows the results between age and the other features: 
Table 8. Age correlation table Vs other features 
 
A positive correlation with maximum HGS was found in the younger groups 
(although minuscule in the male population), which was expected, since typically 
on these groups, an increase in age leads to an increase in overall max HGS. 
However, it is not the case for the elderly population, where the correlation was 
considerably high, it was not the expected result, since in this group, a higher age 
Group Max MeanFG MeanFD FGSlope FDSlope RangeFD FGFftAmp FDFftAmp SigKurtosis SigSkewnessArea
Male 0.0121614 0.2065301 0.1908757 0.3500915 -0.476903 -0.338531 -0.285296 0.1053379 -0.770541 -0.802753 0.2837881
Female 0.401071 0.5159785 0.5315066 0.3118039 0.2605506 -0.160976 0.5416064 0.1515266 -0.165547 -0.211152 0.5663833
Elder 0.5681494 0.3094279 0.6625858 -0.044611 0.2004717 -0.402111 0.1739292 -0.16311 0.2883934 0.5680305 0.3248417
Age correlation Vs
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normally indicates a lower max HGS. The same can be applied for mean HGS 
correlation values. 
    
Figure 30. Age Vs Max HGS correlation 
The slopes for the FGP (Force-generation phase) showed a positive 
correlation on the younger groups, whereas in the elderly group a negative 
correlation was obtained. This implies that an older age may have an impact on 
the person’s ability to exert a strong grip and reach the maximum HGS faster. 
Following the same concept, the slopes for the FDP (Force-decay phase) showed 
a negative value for the male population, and low values in the female and elderly 
groups. FDP may be more related to the subject’s capacity to maintain a strong 
grip after reaching the maximum HGS in the test, consequently, the male 
population showed a bigger difficulty in this aspect. 
  
Figure 31. Age Vs FG Slope correlation 
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Figure 32. Age vs FD Slope correlation 
Respecting the range of the FDP, it may be an indicator of how difficult it was 
for the subject to attempt to maintain the force applied once a max HGS was 
achieved. A lower correlation indicates a lower overall range in this phase, thus 
a higher ability to maintain the grip force. All groups showed a negative result, 
especially the elderly group, suggesting that all groups, presented a noticeable 
ability to maintain grip force. 
 
Figure 33. Age Vs FD Range correlation 
The fast Fourier transforms amplitude correlations show a negative value for 
the for the elderly in the FDP and a positive one in the FGP, which could verify 
the formerly addressed thought that amplitude was negatively correlated to age 
in the elderly, at least in the FDP. However, the younger male group showed 
similar behavior as well, with positive correlations in the FDP and negative for the 
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FGP, possibly meaning that amplitude is not strictly correlated to advanced age 
(elderly) as it was considered before. 
 
Figure 34. Age Vs FG FFT Amplitude 
 
Figure 35. Age Vs FD FFT Amplitude 
Kurtosis correlations showed fairly varying values between groups, with the 
male and female groups showing negatives (mostly on males) and on the elderly 
a positive value. This implies that, given how kurtosis is thought to behave on 
HGS signals, the male group is the most efficient when it comes to being able to 
maintain a strong grip after reaching a maximum HGS, and the elderly find it 
rather difficult to do so. 
 
Figure 36. Age Vs Kurtosis correlation 
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When observing the skewness correlation results, the most noticeable are the 
elderly and young male group, with a high positive value and high negative value 
respectively. Considering the way in which skewness is thought to behave on 
HGS signals, this implies that younger men are able to reach a maximum HGS 
value much faster and easier than the elderly and younger female groups, 
whereas the elderly struggle to reach it considerably more. 
 
Figure 37. Age Vs Skewness correlation 
Signal are showed, overall, close values with its correlations; with the younger 
female group showing the highest correlation, followed by the elderly group. High 
correlations suggest that at higher ages the subject is able to apply more total 
energy in the test, which means that all groups seem able to exert more overall 
energy the older they get, although it was not an expected result for the elderly 
group. 
 
Figure 38. Age vs are correlation 
A correlation table was also made between BMI and the same features: 
Table 9. BMI correlation table Vs other features 
 
Group Max MeanFG MeanFD FGSlope FDSlope RangeFD SigKurtosis SigSkewnessArea
Male 0.762446 0.6989018 0.5609348 0.4514256 -0.260942 0.2100669 -0.327461 -0.392898 0.6855543
Female 0.2525295 0.3928236 0.3926539 0.3647661 0.1820441 -0.276102 -0.07688 -0.115661 0.4376932
Elder -0.725504 -0.662363 -0.623653 -0.28442 -0.193782 0.1001317 -0.325414 -0.303923 -0.491911
BMI correlation Vs
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Regarding max HGS correlations showed significantly high values for the 
younger men group and significantly high negative values for the elderly group. 
It was proposed that a higher BMI tends to decrease overall max HGS (Khalid A 
Alahmari, 2017), however, it only holds true for the elderly group, whereas the 
female and male (substantially more) show higher max HGS for higher BMI. Just 
as the previous set of correlations, this also applies to mean HGS values. 
 
Figure 39. BMI Vs Max HGS correlation 
Slope correlations for the FGP show positive values for the younger groups 
and negative for the elderly group. This indicates that on the younger groups, a 
higher BMI results in an increased capability to reach a max HGS faster, as well 
as obtaining a higher max value. On the FDP, however, correlations are negative, 
or present a low value, which indicates a higher difficulty in maintaining a grip 
after reaching max HGS when the person has a higher BMI. 
 
Figure 40. BMI Vs FG Slope correlation (left). BMI Vs FD Slope correlation (right) 
 Respecting the FDP range, correlations show low positive (male and elderly) 
and negative (female) values, which implies that subjects who have a higher BMI 
struggle more to maintain a grip after a maximum HGS than those who have 
lower values. 
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Figure 41. BMI Vs FD Range correlation 
Kurtosis in this case showed negative correlations on all groups, mostly on 
the younger male group and the elderly group, and almost no correlation at all 
with the younger female group, thus implying that a higher BMI on male and 
elderly population will show a better capability to maintain a grip strength after 
the maximum HGS values has been reached. 
 
Figure 42. BMI Vs Kurtosis correlation 
Skewness correlations show negative values for all groups; however, it is 
mostly so on the younger male group and the elderly group, meaning that given 
a higher BMI the easier it will be for these two groups to reach a max HGS value 
when compared to the female group. 
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Figure 43. BMI Vs Skewness correlation 
The area of the signal shows considerable positive values on both younger 
groups, and a similar, negative value on the elderly group. Hence indicating that 
in the younger groups, a higher BMI will show an increase in overall energy 
exerted in the HGS test, while on the elderly group this will tend to be the 
opposite, and decrease. 
 
Figure 44. BMI Vs Area correlation 
A correlation table between skewness and FGP and FDP frequency was 
made as well: 
Table 10. Skewness correlation table Vs frequency 
 
The previous correlation table show mostly positive results, which may prove 
the formerly stated point that skewness is correlated with higher frequencies, 
especially in the FDP. However, the elderly group showed a negative value in the 
correlation for FGP frequency, indicating the opposite in this particular case for 
this specific population. 
Group FGHz FDHz
Male 0.2837516 0.3657991
Female 0.006509 0.7628893
Elder -0.406315 0.6750892
Skewness correlation Vs
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Having conducted all correlations regarding age, gender and BMI, the results 
obtained showed some unexpected results, considering previous studies made 
on HGS. However, the population used for the tests was rather scarce, especially 
the elderly group, and this is a factor that affects the results obtained. 
 
11. CONCLUSIONS 
 
The protocol design proposed was successfully implemented during the 
different tests conducted in the population, and the modified Deyard 
dynamometer was calibrated effectively and yielded satisfactory results for these 
tests. The resulting force over time signals were similar to what was expected 
after consulting past studies that used them as well, and their analysis and feature 
extraction generated somewhat varying results. 
Regarding the age of the younger population examined, it was most correlated 
with mean HGS (females), kurtosis (negatively, especially on men), skewness 
(negatively, especially on men) and area of the signal (females), and in the elderly 
group it proved to be the most correlated with max HGS, mean HGS and kurtosis. 
This implies that for the younger population selected, a higher age will tend to 
result in higher mean HGS values, better ability to keep a steady grip, a 
noticeable facility to reach the peak force and a general bigger amount of energy 
applied in the test. The elderly, however, will find it much more difficult to keep a 
steady grip, and contrary to what was expected, a higher age also resulted in 
higher max HGS. 
The correlations for BMI in the younger group showed the most correlation 
with max HGS (males), mean HGS (males), and area of the signal, in a similar 
fashion, the elderly group was correlated with the same features, however, with 
negative correlation values. This indicates, opposed to what was expected, that 
in the younger group a higher BMI will tend to show higher max and mean HGS 
values, as well as higher overall energy. In the elderly group though, the results 
obtained were closer to the expectation, where they show weaker max HGS and 
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mean HGS for higher BMI values, in addition to less overall energy applied during 
the tests. 
Finally, the last correlations made between skewness and frequency values 
for both phases proved to be considerably correlated, at least in the FDP. This 
may be useful data for future works. 
These results may have been dramatically improved, had the population for 
the tests been much bigger, especially on the elderly group. The main 
recommendation for future studies is that a considerably bigger population is 
taken for the tests, as a low amount may have a negative influence on the results, 
as it may have been the case in this research. Also, being the final goal of the 
PECT project to be able to detect features which are directly correlated with 
frailty, the use of mostly, if not totally, elderly subjects, is strongly suggested. 
For future work, it is expected that the PECT project will continue these tests 
taking into consideration the previous recommendations, and eventually develop 
a model which is able to detect frailty based on the directly correlated features. 
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